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GAS -CiRMATOGRAPHY O REACTfIVE IIRGANIC GASES

By S. Araki, et al, Dept. of Ind. Chem.,
Tokyo City College, Setagaya, Tokyo

JaRaAnalyst, Vol. 12, 1963, pp 450-457

A complete glass apparatus was constructed for the pur-
pose of devising a gas chromatographic method for reactive
materials. The efficiency of a column employing tetra-
fluoroethylene powder as the carrier and trifluorochloroothy-
lens oil as the stationary liquid phase was investigated and
chromatograms were obtained of comnon reactive gases such as
oxides of nitrogen, halogens, and hydrogen halides.-

The optimum conditions were as follows: Daifloil
No. 3/Polyfluoron powder 30-60 mesh; 50/100 wt. ratio; column
diameter 6 mm; room temperature. These conditions were suf-
ficient to withstand a wide variety of materials.

_3, INTRRODUTION

Heretofore, investigations in gas chromatography of
highly reactive compounds have been in the development of non-
corroding carriers and stationary liquid phases, especially
rith the use of chromatographic columns usingf~ornated
resins. There also have been various reports -J on the
analysis of halogens and halogenated materials. The present
authors, in connection with the analysis of factory gases and
components of air pollutants, have made gas chromatographic
determinations on samples containing highly reactive gases and
have discussed the equipment, separation columns and methods
involved. They have discussed the following. (15 the general
conditions for the use of fluorinated resins on the market;
(2) the suitability for use with N02 *; (3) a supplementary
test, including the actual problems of quantity and operating
---------------------

* Altk1ugh there are reprts of separation by means os silica
gel,silicone grease , or by using reaction tubes6),
these were not used in this study.

-1......



[conditions, for chlorine and bromitne; (4) adaptability of the~method to compounds such as HON, HGI, and NOCI where details

are unclear in the literature. The results were intended to
widen the usable limits of the various reactive gases as wellan to determine methods which would stand up sufficiently
under actual use and to recognize the problems arising in
their use. These experimental results are reported herein.

It 2. EQUIPMENT

The gas chromatgraph flow system was constructed en-
_____ tirely of hard glass; all of the eaup otentother than~-tb-re-

cordor and power source was home-made. To the 6 mm I.D. glass
tube sample port, a similar diameter glass tubing approximate-
ly 1 cm long was attached at right angles. This was covered
with silicon rubber. The entrance port was connected to the
chromatographic column with a glass tubing 20 am long, 4 mm !
I.D. and wrapped with glass tape to maintain the temperature.

' This could also be heated with a niohrome wire when necessary.
The column was a unit constructed from glass tubing 6 mm I.D.and 15mi lenth. Tree meters, 6m and 12m lntswere ;
also used by turning the tubing back and forth on itself.

The joint of the colurn was connected with an approximately
2-cm length of tritluorochloroethylene (Daifluoron) pipe. In
order to prevent leaks, the joint was sealed with epoxy
(Superoemedyne) resin. In this manner, there was no leakage
of carrier gas even with a 12-meter column. In changing the
columns, the seam was lightly flamed and could easily be takena~part. ;"

A glass enclosed platinum wire (10.-.) was used as a :j
detector. The reference and detector cells were allgned and
Inserted in an aluminum block of approximately 8 om- dimen-sions, which _w aswrapped w:Lth a1aa-tae- tomal -the -tax--=
perture* A call current of 2.0 mA was used. The chro-
matographlo column was bundled and placed in an approximately
6 er thermostated tubing. The outside was wrapped with
nichrome wire and the temperature was regulated from room tem-
perature to 1500 C. Purthermore, when cooling was necessary,
only the column was pLaced in a water vessel and cooled with
ice. A schematic diagram of the equipment is illustrated in

:i

Fig !
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The carrier gas was chiefly He. Withthe samaples used
in this research, no difference was obtained between H2 or He.
The samples were introduced with a hypodermic syringe. The
sliding part was used with or without trifluoroohloro ethylene
oil. The needle was made either of stainless steel or a drawn-i out pointed glass tubing. The needle-to-tubing joint was

sealed on the outside with epoxy resin. When not in use, the
syringe was kept in a dessicator filled with silica gel.

3. SAMPLES

It was extremely difficult to obtain pure gas samples.
However, too much emphasis on the preparation of samples
would not have been suitable for a discussion of chromatogra-
phic columns; therefore, several impure materials, to the
extent that they did not interfere with the determination of

- _oheo ion _o lyatemi wethe-uad± h following -manner-- ..... ..-
NO. In a nitrogen atmosphere, sodium nitrite was

* ' reduced with K! and dilute HRSO4 and stored in a glass con-
*tainer.

NO. Nitrogen dioxide was obtained from the thermal
doeomposivion of lead nitrate. It was passed through a P205
tube and trapped in a container cooled with dry ice. The
air was removed and the trap was brought back to room tempera-
ture. For the slide-fitting, trifluorochloro ethylene grease
was used. Gas mixtures from the NO obtained from pouring
concentrated H S0, L'is7 on copper was also used.

11:. Prim 4o-ibs and stored in glass container with
silica go

Br . From the saturated vapor above liquid bromine.
HR. Concentrated HSOj dripped into concentrated KCl.HBr. Concentrated BH302 dripped onto XBr.

- 3-
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NOl. Chlorine and NO mixed in equival3nt amounts and

left standing.
HON. Concentrated H2304 dripped onto XCN.
NH ° Concentrated NaOH solution dripped into concen-

trated a nia water and dried by passing through a zma esium
perchlorate tube.

N 0 Gas from a bomb and stored in a -lass contai-ner.
C92: 0 Gas from a bomb and stored in a glass contain ,r.
302. Concentrated HiS j dripped onto Na230

e 0 Approxmately % Woneentration of ozo e from a
generator and used directly.

.(1 .4..

The fluorinated resin, tetrafluoroethylene powder
(Polyfluoron) which is used as raw material in plastics. was
manufactured by the Osaka Kinzo u Co. and trifluorohloroethy-
lone powder (Daifluoron) were used as carriers. Since these
materials are easily compactible soft powders and differ in

S .form from the usual carriers, even carefully heated and sin-
I tered materials were tried. Moreover, although the material

(Simalite) flame fused at the Shmazu Manufacturing Co. was
* used, it was difficult to absorb more than 1% of the fixed

liquid phase to the flame-granulated material. Thus, this
was unsuitable for the present research and was therefore not
used. Although the aforementioned material could not be
separated to the exact mesh size, it was first separated into
30 - 60 mesh sizes and used after eliminating the clumped
scraps and the extremely minute sizes. Approximately half of
the materials on the market were usable. Although there is
entirely no difference in shape between tetratluoroethylene
and trifluorochloroethylene powders, the latter has a slight
elasticity and in filling the columns there was a feeling of

soaked with trifluorochloroethylene oil, after a long period
of use, there is a tendency of the usable time to become poor
and the separating capacity of the column to become ineffi-
cient. One reason for this is thought to be that the carrier
becomes saturated with the fixed liquid phase. For this rea-
son, the former was utilized.

Trifluorochloroethylene oils (Daifloil) Nos. 1, 3 and
L 50, manufactured by the Osaka Kinzoku Co., were investigated

as the fixed liquid phase. Although these have charaoteris-
tics which overlap, there are still some variations. Near
room temperature, the volatility of No. 1 is strong; No. 50
is greasy, and No. 3 was suitable for the aforeaentioned sam-
ples. No. 3 was fractionated at 0.1 mm Hg pressure fromI 120-1500 0. The usable temperature onditions where theseoils for the liquid phase are stable are presented in Table 1.

i
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Table I Allowable operation temperature

of liquid phases

ILquId ph.. Kvap ilo. A ollnble thmp.
I. (mI) limit (1c)

Dalfioll No4. 1 3D 20

Daiflotl N.. 3 1!' 94
DaSMZ No. 60 7 LV
Trip.OnIpttninte 75 10

The volatilities of these oils are compared with other liquid
phases whose usable limits are known.

Approximately two ml of each liquid was taken in weigh-
ing bottles of 2.5 cm mouth and 3 cm depth and thermally
vaporized under the same conditions In a thermostat at 920 0
for three hours. According to these results, Daifloil No. 3
indicated almost the same characteristics as dimethyl sul-
folane, and can be considered the beat for use at room tem.-
perature.

With respect to the carrier, the liquid phase could
uniformly coat up to 30 wt % (i.e., liquid/arrier at 50/100
weight ratio). Experimentally, the best was 30%.

When the diameter of the column was changed, partial
coagulation occurred with 4 mm I.D. and the flow of the oar-
rier gas became difficult. Thus, it was necessary to have
chromatographic columns slightly larger than normal. With
6 r= I.D. these inconveniences did not arise and a length up
to 12 m was used without any special differenoes when compared
to ordinary gas chromatography. Furthermore, it could be used
for a long period of time.

Next, -the egre -off polarity, - a-aharaotera-ti- -of--the- -
liquid Rase, was determined. Following Rohrschneider's sug-
gestion T , the result of the determination of the relative
positions of the peaks of n-butane and 1,3 butadiene were as
follows: With a column length of 12 m and at 190 0, butane
appeared at 16.7 cm and 1,3 butadiene at 17.5 cm (chart speed
1 cm/min) when measured from air and the polarity was log 1.05
0.02. According to this, the filler belongs to che group
whose polarity is relatively small, resembling the unsaturated
hydrocarbons (for example, liquid paraffin, triisobutylene).
The chromatograms of hydrocarbons are illustrated in Pig. 2.

Furthermore, with respect to the separation, when the
theoretical plates were deter.mined using n-butane, it was
found to be inferior to ordinary separation columns. The ex-
perimental values are compared in Table II.

This inferiority can be attributed to such things as
non-uniformity of the carrier and the olumn diameters.

-- H
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Pig. 2 Gas chromatogram of hydrocarbons
1-Comia jDm4 el I Crnasr S 11191

r.do NO 9 is 0101." -+ ll-'-C~uma Dm1t0.31l Nq 31 */Oh ob . \

Sm; Tem. * 34C: Caakle gS 11 6 Saml*

IV Air 0 5tbw4 tthr0mn.i;r.. -+.+ ..
- Table II Theoretcal plate number of n-butan.

D. MUe T.. F.h~m~ X.'I N. (Ind ebtm w U0
Iqls Mw + . Gm. ' 31f Carr ute e Uon SAmis

improving the separation eLiciency under the conditions of

Its use was difficult to achieve. Besides this, when tetra-
fluoroothylene powder used as carrier abso b6d. propamn- at- -low-

e- -tus nexp-Zeled It-at room temperature, when con-
pared to C-22, its desorption is delayed and even at room
temperature there is some absorption.

. zXPERIMENTAL REsULT8 !

The experimental results for sepa ,ation of all samples
In a oolumn using Daifloil No. 3 and Polyflon powder in a
501100 wt ratio are presented below.

The Nitrogen Oxides

NO. Used together with air or nitrogen. There was
slight tailing of the NO peak when compared to the air peak.
At lower temperatures (100 G) it was found on many occasions
that the apex of the peak divided into two and thus the
separation is possible. However, with colums up to 12 m the

-6-



separation was not definite.
N20. A sharp peak after the C02 peak was obtained.

Both were completely separated and each could be satisfactorily
determined quantitatively. In general, vapor-liquid gas chro-
matography, the separation of NO and Cui is difficut and in
quantitative analysis, silica gel is useU. Thus this charac-
teristic of fluorinated resins is thought to be an advantagu.

Nu4 . Nitrogen dioxide appears after N2 0; however, it.
dispi.ays an unusual front-tailing peak. This peak bstins to
emerge in a sectvn or the previous N2u. rven with Daifloil
No. 1 there was no difference in the appearance. With in-

- creaainfternperature of the column,- the peak shlarpenad and "
when increased to 50o C, its area could be measured fairly
accurately. .me tendency of the peak to improve following
the change of temperature can be thought to indicate a lower
column temperature with respect to the boiling point of NO.
However, raising the temperature is undesirable for separafing
other components suoh as X20. Furthermore, the characteristic
of the No::) peak is such that according to the conditions, un-
usual changes in shape occur. This unusual tendency arises as
follows: (1) when the sample is large; (2) when analysis is
made after other samples have been passed through. In these
situations it was determined that the effect of temperature

* 'change was great. It is thought that the residues of other
*components in the column were the cause. The possibility of

quantitative analysis resulted from re-cycling the HO2 sample
', (air, NO and N20 gaseous mixtures). The chromatograma ex-

* perimentally obtained are illustrated in Fig. 3 and 4.

Pig. 3 Gaa chromatoram of oxides of nltnv
gen and carbon dioxide
1: 151C il t SC
CD Air+HO * COs 5 N20 * No*
C.nir ga H# SOW/win

In the analysis of N02 it was neecssary to carefully
store and insert the N02 sanple. In storage, the solution
was to use Daifloil No. 50 grease on the stopcock of the
flask. However, storage of dilute samples over long periods
was difficult. The sample collection occurred after passing

-7-



C __ - 7Flz 4 flhtorti~oo A1tro*=d~ozde pe*k

2m *a ( Air 0 ?JO * no,

through the silicone rubber, but it was necessary to isolate
this section, other than A urlng collecting, from the main part
of the NO filled flask by means of thA stopook. Unless this
was done.h silicone rubber became tacky after two or three
days and could not be used. In the experiment to determine
NO quantitatively, it was found that the cause of~ the re-
appearance of the peak was the syringe itself. Without grease
and using a glass needle, it was possible to obtain relatively

i Lgood results. The results are Illustrated in Fig. 5

0 i

Fig. 5 Calibration curve of N0h
Temnp.: WC C~i~ a"m a". low/min

Moreover, it was determined that there occurred a shift
in the position of the peak depending upon a change in sample



size. This is also illustrated in Fig. 4. A similar tendency
was observed when the sample or column contained moisture.
The effect of temperature on the shift of the peak is even
more unusual than that caused by other oomoonents. For exam-
ple, at lower temperatures it emerges after the chlorine peak,
but at higher temperatures it appears before this peak whila
the largest distortion occurred at 500 C.

The relative retention times of a'! samples, tho thoo-
retical plate number, and relative sensitivities are Vvin i1'.
Table IV. (The results obtained for the following samples are
also presented.)

Table IV Experimental data on some reactivC
Keases

Relative retention Theoretical Relative
Co mpound time Usir- 0' plat numot p'eak ares

(2010 G'C (70* QCT . Il ( r- I

NOC 3-12

HC 1.25t 1.1 1230 1.04

5.00 1.0130 nNO, t.,lr .

HIS~ 1.37 12,10 1.,2

|ISr 1.". .30 M
CN I. IODD 3..

s Co 2.23 70 1.67
C1. 2.36 1.92 &W 1.7
Noel 3-22

!,0, 3.78t 1.60 490? !.M4

Nit, 1.3Ot t
Sthane 1.2-5

q .. utane 4.49 570

t Varying with water. sample amount etc. 0? 701C

Halogens. Although the application of fluorinated
resins to chlorine and bromine has been reported previously. _

_ from the-supplementary -experimentsund even fr6l our column,
good separation and sharp peaks were obtained. Thus the
suitability to the analysis of these samples was determined.
The results of quantitative analyses obtained from varying
the amount of the same sample are shown in Table III.

Table III Quantitativity of Cl an$lys!

Sample momunt(iol) Cis .eak area(mms) C1,(volA)

1.0 2365 21.03
.5 11115 21.35

0.4 807.5 23.47
0.4 54115 22.53
0.2 As . =.J
0.1 45 3,6



n-wa.

The eolurtn was 6 m and the temperature was 150 . The
percentaje of chlorine was obtained from the peak areas. 'hen
using the hypodermic syringe a oertain amount of error was un-
avoidable. From these results, it is thought that there is
sufficient quantitative character for actual ute.

It was found that on the repeated _nraduct5.on of a
fixed quantity of thi sample, the peak areas boa.ae larZor.
With chlorine, an approach to a fixed value was seen. This is

SIfllustrated in Fig. 6.

Times at sm i -j -"is

Fig. 6 Variation of C12 peare&
Temp,: 20C Carrier got. ne, 40 vol/mim

With bromine, this tendency again was unusual. It was
found that o rapeated-aample 4ntroduoti-on n - sli-ht
pause was made before introduction, the peak areas differed.
For example, with the same sample,2 at an injection time of
eitt minutes the area was 12.7 cm and at 20 minutes, 9.83
cm In quantitative determinations there is a necessity to
consider this tendency from the standpoint of handling stand-
ard samples and the effect of mixture components. Again,
especially in oases where the analysis of bromine is the
primary purpose, it is desirable to use higher temperatures
with highly overlapping liquid phases.

NOCI. A symmetrical peak following chlorine was ob-
tained for NOCI. Moreover, when successive determinations of
nitrogen oxides and chlorine are made, this peak appears and
the ohromatogram changes.

Hydrogen halides. Both HOl and HBr emerge before Cl
and Br2 . H1 appear simultaneously with C2 hydrocarbon and
C02. These peaks exhibited some tailing and in the presence

1 - 10-



of much moisture the tailing became severe making the analysis
of small samples difficult. Furthermore, in this situation
the retention volume becomes large and the change in retention
volume with changes in sample size is unusual. These results
are shown in Fig. 7.

o i

The above oromatogrMm s shw In ig 8

ILI
Fli. 8 Gas crato gram of M.H~ r

-! i we .M,0m/i

iauk:6 p i WC

St was found that the HN peak was quite sym-
metrical and Its quantitative analysis was satisfactory. The

I.



sition of the peak was between HIBr Z&-io7 and 3 Nowever,th oItion of the paak with regard to 93~r Zsii.2 was reversecton ocaasions.

LI Fig# 9 is a typical ohromatogram for the sample above.

Fig. 8 Typical gas chromatagrsm of tested

column. Iin Temp. s DrC
Cw~r m aHe 4 mlsoo Air 0 CO*

* Uis Q MCt4 * 80* Q CIS

NH Azmonia displays an unusual tailing. The orffctoi ostgxe was found to be eve greater than in E01 and thedetermination of small samples was diff icult. Purthermor,analysis 0ould not be made when the order was reversed withacid samples and, in this case, it was necessar'y to inject thesamples repeatedly.
The calibration curve is illustrated inx Fig. 10 and aahromatogram in Fig. 11.

21K Fig. 11 Gas chrofsatftrooD of N14
IFig. 10 Callbrtim our" of Nu1& 0 Alr * pus, 0 WOW~* ?eup.w WC tgartiVlvo. O.iMYI.
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TH UN IHAREA I

[Following in a translation of an article by
Mai Van Dong, Bureau of Agriculture, Quang
Ninh, in the Vietnamese-language periodical

KhaHocKy Thuat Nong Nghiep (Agricultural
Sciences a echnology), HanoT, October 1964,
pp 592-594.)

Many species of rice can be found in the northern
sector of Quang Ninh. )Bxcellent species are developing rap-
idly but many bad species still exist. Many species have -

been cultivated for many years but due to'lack of care and
selection some of them are undergoing mixing and regression.

itigti~o~insome cooperative.8 (at _Dam Ha) ha

shown the-large extent of mixing in soe rice species (Table I) /

Table I

Investigation at Dam Ha

*~ ~ hi 5*.t r~1~~Ang 20

INgAn'kiingpbbnj 16

Yd-jh Chium trang 1

Y~ft-hin Chilm tring 12
flop-ti -$him (Oda M6): is



I -- -',-

[Legend]: 1) Cooperative; 2) Rice species;__J 3) percent component; 4) white "chiem"; 5)
Main Crop; 6) Dop Ta. Chim (main crop).

.The increasingly poor seeds have given unstable yields1111 (Table'2). Rc

K- I.- ,
Rice Ris s Table toselect enlen s

WH Ig 20 19 12 14:,HA1-Iong-dSag 2 4 [ 22 [ 8Is 19

[Lged] 1) Vilgs
,it in important to select excellent seeds that

will give high, and stable yields. )

I.. .COupAimON or SEES

Rice yields have been observed through a number of
crops at the Ha Coi and Doan Tinh (work] camps and some co-
operatives. Results are, as follows:

--F
1. Spring "chiem" rice. Comparison of yields for

spring crops over several years (sown 19 March, planted 17
April) indicate that "Nam Ninh" rice has been the most prom-
ising species, that its yield in almost stable and is higher
than that of white "chiem" (Pac Pha). (Table 3)

The duration of growth of "Nam Ninh" is five to seven
days shorter than that of white "chiem" which is an important
factor in labor scheduling. "Nam Ninh" plants are tougherand develop faster than white "chiam", The "Kong Nghiep" I i

seeds of "Nam Ninh" give strong stems, big ears, numerous I=
grains but are susceptible to "dao on" and"tiem lua" diseases.
Further study in this area is needed.

'According to current data, "Nam Ninh" rice should be
readily adaptable to local conditions. It is being cultivated
by many cooperatives and occupies 70-80 per cent of the area
for "chiem" varieties.

-2-



Table 3

(ITh%61 gion @N~aauut (t/ha)

0m

Un gi~ng I -

Nanm-irn h 10-15 20 27,3 21.26
N6ng nghi4p 1 103 to's 1 27,0 21,25
chi~sR Am 115420 19,0 j28,0 687-

[Legend]: 1) Species; 2) Duration of
Growth (Days); 3) Yield (Piculs/ha).

* I'n 1963, blossoms fell prematurely

2. Main-crop rice. In addition to species existing

locally, some species have been imported from China and from
the delta regions in recent years. These species are tenta-tively caas~fied into three groups:i

Local species: "loong xay chien," "tan thuy lien,"

"dop tai chim," "dai hong coc."

-'Species brought from the delta region: "quyet tam"
813, "di huong," "tam thom.",

- Species imported from Dong Hung (China): "tan tay
duong," "chuc tuy," "moc toan," "chung thu," "ke nam ai,"
_ "thap thach kiem," "dong .thu be," unknown No. 1, unknown No. 2.

Yields are summarized in Table 4.

Investigations have led to the following conclusions:

- Among local species, "loong xay chim" and "tan thuy
tien" gave the highest and most consistent yields. "Loong
xay chim" is tasty, and it has been cultivated in this area
for a long time. However, it has become mixed and n eds to
be selected. "Tan thuy lien" seeds produce tall and strong
plants with large grains. The unhulled grains are red, and
they are low quality grains. This species, however, can with-
stand alkalinity and resist diseases.

- Of the species imported from the delta, "di huong"
produces uniform earn. Its short plants are not likely to
collapse, "Tam them" and "quyet tam" 813 are not adaptable.

-'3

-3-
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- In the imported group, "tan tay duong" has been
cultivated for a relatively long time. It is readily adapta-
ble to local conditions, and it is becoming increasingly pop-
ular. A shortcoming of the "tan tay duong" is its tendency
to collapse and to shed its grains. Selection is needed.
At present, "tan tay duong" represents a large portion of
-ice grown in rice-rich huyen such as Dam Ha, Ha Col and

Aong Cai.

Table 4

0 T4n gi6ng 91 16 6

Co6ng-xy-cadm r 135.140 21 36,00 23
TAn.thoy.Iifn I150 39,3 ,39,20 22,8

* Dqp-t-i-chfm 135 20,0
Doi-hang-odo 21,70

Qk1yAt,tAm 80 015,-'10 ,14,0 20,50
. ,

D1 111rag 15 0 . 30.0 17,0
Tim them" 160 26,0

Ta-tay-dming 152 30,0 26,8
e-toin 155 44,0 27,0

Choe0tuy 155 37,0 7,6
Ch~t g.thu 157 40,0 27,0
D n.g-thw.hA 159 18,6
V6 denh a6 2 IS9 20,43

(Legend]: 1) Species; 2) Duration of
Growth (days)_ 3) Yie ld (piculs/ha; 4) ....
iiiwn No. 2.

, * In 1963, the ears came late due to diseases ..

I I. SEED SELECTION

in 1963, various [work camps and cooperatives car-
ried out seed selection on the basis of observations made
by the seed union. $eeds were0 selected from fields which
had received extensive care and high yield (Table 5).

-4-
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Table 5

Data from Some Cooperatives in Dam Ha on Fields
Chosen from Seed Selection t

_ .n ) Hqp tic xA IBAe-san (T)lqp tic xA Yin-dinh0) Ung-vife --

(PBu~n gi6ng On ngsi zuit fluong gidng lRuong sin uit

Q c y 3 lust 2 1 hrt 3 htet 2 !q

3f~ '" 2iUqt 3lIVqt __ 2hms
Rdr fli6t/I I* -- 0- -ginli- pan-- 10 cinhphMn- --- A5 -upgkun TPia

ChagChuang Chuang 4haa0ngA- gAnh dgt + 15 ginh ddi + i0 ginh d1t + 35 ginb dit
40 kg P + 15 kg P/ I& a 20kgP, v6i+ lOkgN * 3 kgxo Z0M&

SBin th4e/i IA 1 kgN+3kgP 3 ginh phis 6 ginh phin kg N
+ 3 ginh ph. chuang - hubng + 2,6kg N

• lAm 6 2 IVR~t . I IUw L I h ,t "I I t

PNing suit (4/h,) 35 23 25 " 21

[Legend]: 1) Operation; 2) Bac Son Coop-
erative; 3) Yen Dinh Cooperative; 4) Selec-
tion Field; 5) Production Field; 6).Plow-
ing; 7) Harrowing; 8) First fertilization.
ILa; 9) Additional Fertilizing 1 La; 10)
Weeding; 11) Yield (piculs/ha); 12) 20
shoulder-loads manure; 13) +40 shoulder-

* loads soil; 14) +40 kg. phosphate; 15) 3
kg Nitrate + 3 kg phosphate; 16) 20 kg phos-
phate lime + 10 kg nitrate; 17) 6 shoulder-
l.oads-manure; 2-5 kkgni.rate; l8)--+ 3g- _-

fish residue; 19) 3 kg nitrate.

- The number of stalks per clump in the "Nam Ninh"
species are given in Table 6 for seed selection fields and
production fields.

Where single stalks were planted for the purpose of
seed selection, the growth was more vigorous, the number of
grains per ear was double its counterpart in production fields
where multiple stalks were planted. Most cases of single
stalk planting occurred during the main-crop season in 1963.

nu r- For single stalks, the number of ears per clump, the
number o grains per ear were larger than in the case of mul-
tiple-stalk planting for production, And the proportion of
empty grains was significantly lower.
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Ef forts in seed selection from 1962 to 1963 in the
northern sector of Quang Ninh provided many fields for
single-stalk planting and large quantities of seeds for
production during subsequent years in various cooperatives.
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